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We investigated the effect of addition of insoluble polymer particles into culture liquid on enzyme (amylase) 
production by mold, that is Aspergillus niger. The obtainings showed that the highest effect of addition was ca. 0.8 ~ 
1.4 (I/cm) of the specific surface area, that is the ratio of total surface area of particles added to total volume of 
culture liquid and particles added, resulting from the inhibition of flock formation or the fragmentation of flocks in 
the culture. The effect of addition did not occur in the case of Bacillus amynoliquefaciens, that is a bacterium. 
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Introduction 
The enzymes obtained from the culture of 
Aspergillus niger have been used as ones for a kind 
of industries since a long time ago. For instance, 
nowadays, amylase produced by the microorganism 
is utilized for liquefaction and saccharification of 
starch. However, although it is well known that a 
kind of molds forms flocks in liquid culture, and the 
productivity of enzymes lowers in general, it has 
almost not reported about the effect of addition of 
insoluble polymer particles to culture solution to 
increase the enzyme productivity. 
We investigated the effect of the addition of high 
molecular polymer particles in the culture liquid on 
productivity of enzymes by using Aspergillus niger 
and Bacillus amyloliquefaciens as preliminary test.1^ 
2) 
1. Experimental 
1.1. Preparation of crude enzymes 
Aspergillus niger was inoculated at the cell 
turbidity, 0.1 (1= 610 nm), and seed-cultured for 3 
days at 28 °C under the culture liquid of 10 ml, and 
main-cultured at the same temperature under the 
culture liquid of 300 ml at initial pH 4.5 using 500 ml 
shaking flasks. 
The culture of Bacillus amynoliquefaciens was also 
the same conditions, but the pH in main culture was 
7.0. Starch (10 g/1) was used as a carbon source. 
The culture medium for Aspergillus niger contained 
Casamino acid, 1.0; Urea, 0.3; KH2PO4, 2.0; 
(NH4)2SO4, 1.4; MgSO4 • 7H2O, 0.3; CaCl2 • 2H2O, 
0.4; FeSO4 • 7H2O, 0.005; ZnSO4 • 7H2O, 0.0016; 
MnSO4 • H2O, 0.0014; CoCl2 • 6H2O, 0.004 (g/1). 
The culture medium for Bacillus amylo-liquefaciens 
consisted of NaH2PO4• 7H2O, 1.56; NH4CI, 5.35; KC1, 
0.754; NaSO4 • 7H2O, 0.644; Citric acid, 0.42; 
MgCl2 • 6H2O, 0.25; CaCl2, 0.0022; ZnO, 0.0025; 
FeCl3 • 6H2O, 0.027; MnCl2 • 6H2O, 0.010; CuCl2 • 
2H2O, 0.00085; CoCl2 • 6H2O, 0.0024; NiCl3 • 6H2O, 
0.00025; H3BO3, 0.0003; Na2MoO4, 0.001; Tryptone, 
10; Yeast extract, 5 (g/1). 
The mean diameters of high molecular polymer 
particles added were 2.6 mm and 1.1 mm 
(polystyrene, density:1.01(g/cm3)) and 6.3 mm (nylon, 
density:1.12(g/cm3)). A part of the main culture 
liquid was sampled out periodically, centrifuged and 
the supernatant was used as crude enzyme solution. 
1.2. Measurement of enzyme activity 
Enzyme reaction was performed under pH 5.0 
(acetate buffer) at 30 °C using 0.4 % soluble starch ( 
final concentration) as a substrate. Amylase 
(saccharification type) activity was measured by 



